Featured Application: By using new organizational models, robotic rehabilitation can be sustainable; therefore, it is possible to provide high technological upper limb treatment to a high number of patients.
Introduction
Upper limb impairment is defined by the International Classification of Functioning, Disability and Health model [1] as (1) impairments of body function, such as a significant deviation or loss in neuromusculoskeletal and movement-related function related to joint mobility, muscle power, muscle tone, and/or involuntary movements, or (2) impairment of body structures, such as a significant deviation in structure of the nervous system or structures related to movement.
Robot-mediated therapy after upper limb impairment, because of neurological or orthopedic diseases, is emerging in the rehabilitation field. A recent Cochrane review highlighted a potential benefit of the electromechanical and robot-assisted upper limb training in stroke patients [2] . In addition, robotic therapy can increase the efficiency of therapy, and therefore the accessibility to treatment [3] . In fact, in an era of increasing focus on healthcare resource utilization, a considerable interest is devoted toward reducing costs while preserving a high-quality level. From this perspective, economic evaluations of rehabilitation interventions using cost-effectiveness and/or cost-utility analysis are needed [4] . However, few studies have been conducted on the real costs of robotic and technological rehabilitation when compared to traditional rehabilitation. Wagner et al. [5] found that the costs of an additional upper limb treatment (robotic or conventional) in stroke patients can be recuperated because of lower general healthcare costs. Moreover, a recent systematic review, including five studies, found that robotic therapy produces a better economic outcome when compared to conventional therapy [6] .
In addition, Masiero et al. [7] suggested that the availability of a room equipped with more than one device can further increase the sustainability of the treatment, addressing an essential need of under-resourced healthcare systems [8] . In fact, although robotic devices are expensive, new organizational models where one physiotherapist supervises more than one patient could optimize the human resources. Some authors [9] [10] [11] suggested that this approach can be as effective as traditional therapy for stroke patients, presenting a more cost-and labor-efficient option. However, to the best of our knowledge, there have been no previous studies that analyzed either the rehabilitation dose provided to the patients or patient's satisfaction when different physiotherapist/patient ratios have been used. Moreover, the clinical characteristics of patients that could influence the proper physiotherapist/patient ratio remain uninvestigated.
In April 2016, to implement the robotic rehabilitation in a sustainable way, a set of four technological and robotic devices for the upper limb was identified, and a robotic rehabilitation area was built and equipped with the set [12] . This allowed experimenting with a new organizational model where more than one patient is supervised by one physiotherapist, in order to increase the efficiency of the robotic treatment.
Then, to critically evaluate the feasibility of this model, a study based on data related to the use of these devices in clinical practice was carried out.
Specifically, the aim of this study was twofold: (1) to verify the feasibility, in terms of rehabilitation dose (as measured by the time of training) and patient satisfaction (as measured by the Visual Analogue Scale for Satisfaction), of a new organizational model in which one physiotherapist supervises up to four patients using a set of four robotic-technological devices; and (2) to identify the optimal number of patients that can be supervised by one physiotherapist, in accordance to the patients' upper limb impairment (measured by the Motricity Index), disability (measured by the Barthel Index), mobility (measured by the Deambulation Index), and comorbidity (measured by the Cumulative Illness Rating Scale).
Materials and Methods

Study Design
An observational feasibility study examining the daily activity of the robot-Assisted REhabilitation Area (robotAREA) of a rehabilitation center in Italy.
Ethics
The study was carried out in compliance with the Helsinki Declaration. All the patients (both inpatients and outpatients) provided signed written informed consent to use collected data for clinical research purposes at the admission in the rehabilitation center. This study was approved by the Ethics and Experimental Research Committee of the "IRCCS Fondazione Don Carlo Gnocchi" (Prot. N.8/2016CE_FDG/FC/SA) on 6 April 2016.
Setting
The study was conducted over a period of 33 days (from February to March 2017). The RobotAREA is equipped with a set of four devices, three robots (MOTORE, Humanware, Italy, and Amadeo and Diego, Tyromotion, Austria), and one sensor-based device (Pablo, Tyromotion, Austria) [12] . MOTORE is a robotic device that allows passive, active, and active-assistive planar movements of the shoulder and elbow joints; Amadeo is a robotic device that allows passive, active, and active-assistive flexion and extension finger movements (also separately for each finger); Diego is a robotic device that allows three-dimensional, unimanual, and bimanual movements of the shoulder joint, both in sitting and in standing, with gravity compensation; Pablo is a sensor-based device that requires patients to perform unassisted three-dimensional movements of the shoulder, elbow, and wrist joints, both unimanual and bimanual, both when sitting and standing. All physiotherapists who worked in the RobotAREA had an expertise in robotic rehabilitation and used these devices for more than one year. Figure 1 shows the distribution of the device stations inside the robotic-technological area.
Appl. Sci. 2019, 9, the Ethics and Experimental Research Committee of the "IRCCS Fondazione Don Carlo Gnocchi" (Prot. N.8/2016CE_FDG/FC/SA) on 6 April 2016.
The study was conducted over a period of 33 days (from February to March 2017). The RobotAREA is equipped with a set of four devices, three robots (MOTORE, Humanware, Italy, and Amadeo and Diego, Tyromotion, Austria), and one sensor-based device (Pablo, Tyromotion, Austria) [12] . MOTORE is a robotic device that allows passive, active, and active-assistive planar movements of the shoulder and elbow joints; Amadeo is a robotic device that allows passive, active, and active-assistive flexion and extension finger movements (also separately for each finger); Diego is a robotic device that allows three-dimensional, unimanual, and bimanual movements of the shoulder joint, both in sitting and in standing, with gravity compensation; Pablo is a sensor-based device that requires patients to perform unassisted three-dimensional movements of the shoulder, elbow, and wrist joints, both unimanual and bimanual, both when sitting and standing. All physiotherapists who worked in the RobotAREA had an expertise in robotic rehabilitation and used these devices for more than one year. Figure 1 shows the distribution of the device stations inside the robotic-technological area. 
Participants
Inclusion criteria: both inpatients and outpatients admitted to our rehabilitation facility with an upper limb impairment due to neurologic or orthopedic disorders. We excluded patients with a contraindication to robotic therapy, which was identified as: (1) inability to understand the physiotherapist's instructions and device exercises; (2) fixed contraction deformity/excessive spasticity; (3) any psychiatric disorder or severe cognitive disturbance that could reduce treatment compliance; and/or (4) severe visual impairment.
Robotic Rehabilitation Treatment
Each RS lasted 45 min, and the training frequency was 3 or 5 times/week, depending on the rehabilitation setting (outpatients or inpatients, respectively). During the treatment, both the distal and the proximal segments of the patients' upper arm were treated by means of the robotic and sensor-based devices. Motor and cognitive tasks were performed during the treatment, while visual 
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Robotic Rehabilitation Treatment
Each RS lasted 45 min, and the training frequency was 3 or 5 times/week, depending on the rehabilitation setting (outpatients or inpatients, respectively). During the treatment, both the distal and the proximal segments of the patients' upper arm were treated by means of the robotic and sensor-based devices. Motor and cognitive tasks were performed during the treatment, while visual and auditory feedback was provided to help the patients. During each session, the physical therapist uses one system for each patient to minimize the time required to move the patients from one system to another. The rehabilitation program starts with the robotic device for the shoulder and elbow joints, followed by the robotic device for the hand, the sensor-based device for the shoulder, elbow, and wrist and, finally, the robotic system for the shoulder. The adopted protocol followed the general indications, which were laid out in a flow chart, in order to ensure the homogeneity of treatment; however, for each patient, the physiotherapist selected the device and adapted the exercises to his/her residual abilities. More details on the rehabilitation protocol were previously reported [13] . During the rehabilitation session (RS), one physiotherapist supervised more patients at once with a physiotherapist/patient ratio of 1/2 (R2), 1/3 (R3), or 1/4 (R4). The number of patients treated in each RS was chosen by the physician depending on the upper limb impairment, disability, mobility, and comorbidity of the entire group, based on the experience done with a wide multicenter study [13] .
Data Collection
A trained researcher monitored the patients during each robotic-technological rehabilitation session (RS). The data collected during each session for each patient was called "observation". During the study, for each patient, several observations were performed, according to the individual rehabilitation program. In order to limit bias due to researcher's presence, neither physiotherapists nor patients knew when data collection would take place.
To investigate whether and in which patients this new organizational model was applicable, we compared the different rehabilitation settings (R2, R3, and R4) in terms of the rehabilitation dose and clinical characteristics of the patients. For each session, the number of patients supervised by one physiotherapist was recorded, together with the clinical status of the patients, using validated clinical scales administered by trained operators. Specifically, we evaluated disability (according to the Barthel Index, BI [14] ), upper limb impairment (using the Motricity Index, MI [15] ), mobility (according to the Deambulation Index, DI [16] ), comorbidities and severity (described according to the Cumulative Illness Rating Scale-Comorbidity Index, CIRS-CI, and the Cumulative Illness Rating Scale-Severity Index, CIRS-SI [17] [18] [19] ). Complete demographic and clinical details were collected at the first observation for each patient.
Moreover, to evaluate the feasibility of the model, the following measures were recorded: (a) tSetup (minutes): time spent for the correct patient placement and for planning of the session exercises; (b) tTraining (minutes): time spent by patient to perform the training; (c) tSupervision (minutes): time spent by the physiotherapist in the individual interaction with the patient; and (d) tClosure (minutes): time spent by the physiotherapist to close the exercise session and remove the patient from the device. These measures were obtained in a subsample of observations. In addition, the Visual Analogue Scale for Satisfaction [20] , a self-assessment scale ranging from 0 (no satisfaction) to 10 (extreme satisfaction), was used to measure patients' satisfaction. The exact question was "Are you satisfied with your rehabilitation session?"
Statistical Analysis
To evaluate the feasibility of the model, data obtained from the three groups were compared by using one-way ANOVA tests, followed by post-hoc analysis with Bonferroni correction, or Kruskal-Wallis tests, followed by post-hoc analysis, using Dunn's procedure with a Bonferroni correction, as appropriated.
To evaluate the impact of disability, upper limb impairment, mobility, and comorbidity on the number of patients in each group, for each session, the mean data of the group were computed and compared between groups (univariate analysis) using Kruskal-Wallis tests, followed by post-hoc analysis, using Dunn's procedure with a Bonferroni correction. Then, to identify the best physiotherapist/patient ratio, a multivariate logistic analysis was performed, considering the variables identified in the univariate analysis as covariates. Finally, a receiver operating characteristics ROC analysis was used to identify a possible cutoff.
For all statistical tests, the significance level was set to 0.05. Statistical analysis was performed using SPSS (IBM Corp. Released 2017. IBM SPSS Statistics for Windows, Version 25.0. Armonk, NY, USA: IBM Corp.).
Results
In a period of 33 days, 60 patients were observed in our rehabilitation department. Table 1 shows the demographic and clinical characteristics of the analyzed sample. Spinal disorders included spinal cord injury after trauma or surgery on the column for neoplasia/lumbar spinal stenosis or spinal disc herniation; orthopedic disease included patients with shoulder prosthesis, upper limb fractures/surgery, and polytrauma. Upper limb impairment, disability, mobility, and comorbidities are reported in Table 2 . During the study, each patient performed a variable number of rehabilitation sessions depending on the hospitalization stay and frequency of treatment per week. No serious adverse events were observed, and the robotic therapy was well accepted by all patients, without changes in the initial plan. None of the patients declined to participate in the study, since it did not interfere with their rehabilitation plan. The total observations (data collected at each session for each patient) were 782, with a mean of 24 observations/day (range: 17-31) and a mean of 13 observations/patient (range: 1-50) (see also the supporting document: Supplementary Table S1 ). Two hundred fifty-five rehabilitation sessions were recorded with a ratio of physiotherapist/patient as follows: 45 sessions (17.7%) with a ratio of 1/2 (R2); 148 sessions (58.0%) with a ratio of 1/3 (R3), and 62 sessions (24.3%) with a ratio of 1/4 (R4). The mean value of the physiotherapist/patient ratio was 1/3.1.
Feasibility of the Model
Data related to the rehabilitation dose, supervision, and patients' satisfaction were recorded in a subsample of 329 observations (supporting document: Supplementary Table S1 ) and reported in Table 3 . As expected, the tTraining was significantly different between groups (p = 0.007); post-hoc analysis showed that it was significantly lower in the R4 group, when compared with both R2 (mean difference: 3.2 min) and R3 groups (mean difference: 2.3 min). Instead, no differences in tTraining were found between R2 and R3 groups. The tSupervision was significantly different between all groups (p < 0.001), as confirmed also by post-hoc analysis. With respect to patient satisfaction, no significant differences were observed between groups (p = 0.39). In addition, we found that the mean time needed for the setup (tSetup) was 3.3 ± 1.3 min, while the mean time needed for the session closure (tClosure) was 1.4 ± 0.5 min.
Impact of Disability, Upper Limb Impairment, Mobility, and Comorbidity on the Model
A comparison of upper limb impairment, disability, mobility, and comorbidity mean score between the three groups was made and reported in Table 4 . The results showed significant differences only in BI, DI, and CIRS-SI between the groups R2 versus R4, and R3 versus R4. Considering the lack of statistical significance between the R2 and R3 groups, a further analysis was made combining the R2 and R3 groups (R2 + R3 group). The logistic regression model was carried out on the three statistically significant variables obtained from the univariate analysis. We found that the model was statistically significant, χ2(3) = 36.096, p < 0.001. As shown in Table 5 , among the three predictor variables, only the BI was statistically significant. To obtain a reference value for the only significant variable (BI) in the logistic regression model, an ROC analysis was carried out. According to the Youden index, the obtained cut-off value was equal to 57. 
Discussion
Robotic tools are emerging in the rehabilitation field, showing promising expectations for an intensive and personalized treatment. Nonetheless, these devices are expensive. Therefore, it is necessary to find the best organizational models to increase the number of patients who may have access to the technological rehabilitation, optimizing human resources. In this perspective, it is crucial to know if and how patient's disability, mobility, or comorbidity can influence an organizational model where a new, non-traditional ratio of physiotherapist/patient would be adopted.
This study shows the feasibility, in terms of rehabilitation dose and patient's satisfaction, of an organizational model with one physiotherapist supervising more than one patient, using a set of four devices for a comprehensive upper limb rehabilitation. In a 45-min rehabilitation session, regardless of the physiotherapist/patient ratio, each patient performed about 30 min of training with an individual physiotherapist supervision of about 10 min. As expected, the time of training was significantly lower in the R4 group but with a gap of only 2 and 3 min compared to the R2 and R3 groups, respectively. Regarding the difference in the training time recorded between the R2/R3 and R4 groups, an increase of about 3 min of the rehabilitation session of the R4 group can be used to overcome this small gap.
Therefore, our results showed that the physiotherapists in this study were able to supervise up to four patients, without a reduction of the treatment dose provided to the patient. This is a crucial point: in fact, several studies report an intensity-effect relation between the amount of therapy that individuals receive and the motor recovery [21, 22] ; additionally, no ceiling effect for the intensity of the therapy has been observed [23] [24] [25] . Note that patient satisfaction was very high (8/10) without significant differences between groups, so patients were very satisfied even if treated together with one, two, or three other patients at the same time. Regarding the clinical characteristics of the patients, our data did not show differences when two or three patients were supervised by one physiotherapist. On the contrary, though as expected, the group in which four patients were supervised by one physiotherapist (R4) had a lower disability and comorbidity and higher mobility than the R2 and R3 groups. A remarkable result is that upper limb impairment did not influence the organizational model proposed, since the MI not significantly different between the groups (R2, R3, and R4). The multivariate analysis showed that only the BI can predict significantly the treatment group, meaning that the maximum number of patients supervised by one physiotherapist can be dependent on their level of autonomy. Therefore, the BI seems to be the most important variable that could influence the physiotherapist/patient ratio. Based on our results, a ratio of 1/4 could be used if the mean value BI of the group of patients is higher than 57. Note that patients with BI values lower than 60 are considered patients with a severe disability [14] . Our results showed a similar cut-off of disability, even if calculated as the mean of the group (BI mean score of group <57).
The analysis of both clinical data and feasibility measures suggests that patients with a severe disability (BI mean score of the group <57) can be equally treated in groups of two or three patients, providing that they had the same dose. Instead, when a moderate disability is present, up to four patients can be supervised by one physiotherapist. This study also confirms the possibility of optimizing resources allocation. In fact, in our rehabilitation planning, a mean of 24 patients were treated each day with a mean value of physiotherapist/patient ratio of 1/3.1, which means eight rehabilitation sessions/day. In a traditional rehabilitation model (with a physiotherapist/patient ratio of 1/1) to treat 24 patients/day, obviously 24 rehabilitation sessions/day are needed. As highlighted in the proposed organizational model, it is possible to reduce the number of rehabilitation sessions/day (needed to treat the same number of patients) by about 1/3, with better human resources allocation.
Moreover, it is worthy to note that we have specifically chosen a set of devices with a limited time required to start the rehabilitation session, as highlighted by the reported tSetup, and therefore, these have a limited impact on the provided rehabilitation dose. On the contrary, more complex devices, as exoskeletons, require a longer time to fit the robot for individual patients, and it is one of the main barriers to efficient use [26] . As in our approach, two studies on the same topic [8, 9] used both robotic and non-robotic devices, supporting the idea that this approach can be effective and sustainable.
Anyway, robotic rehabilitation is not merely a matter of increasing the amount and intensity of therapy [27] . It provides extrinsic biofeedback that makes the patient aware of his movements and consequently allows him to modify his movement patterns, thus fostering his participation in the rehabilitation exercise [28] [29] [30] . Furthermore, it seems that the impact of technological rehabilitation on functional outcome could be optimized by offering more chances to the nervous system to experience "real" activity-related sensorimotor input during the training of upper limb movement [31] .
From this knowledge and from our experience, it is very important to underline that physiotherapists have to perform an adequate training to acquire expertise with regard to these devices. With a correct use of them, the workload of the physiotherapists can be alleviated, their work time can be optimized, and they can focused toward personalizing rehabilitation treatments, according to each patient's residual abilities and progress in order to optimize functional recovery [27] .
The organizational model herein discussed shows the feasibility of providing a comprehensive and a high technological level upper limb treatment that would be accessible to a high number of patients at once, while preserving an adequate training time and physiotherapist supervision. Finally, thanks to the sustainability in terms of optimizing human resources, this model can be applied to the usual care of the clinical practice considering the advantages that the robotic devices can provide (for example, to objectively measure the improvement during the therapy) [32, 33] .
Limitations of the Study
This study was conducted in a highly specialized rehabilitation center where all physiotherapists had an expertise in robotic rehabilitation and used these devices for more than one year. Therefore, this could limit the extension of our results to different rehabilitation units with lower levels of expertise. However, we believe that this limitation does not severely impact on the application of the results, since a high level of expertise is required to efficiently use these devices. Moreover, this study was not aimed to evaluate the validity and the reliability of the used outcome measures. Finally, this study did not compare the effect of different physiotherapist/patient ratios on the outcome of the rehabilitation process. These aspects should be addressed in future studies.
Conclusions
In conclusion, this study showed the feasibility, in terms of rehabilitation dose and patients' satisfaction, of a new organizational model, where a group of patients supervised by one physiotherapist is treated with a set of robotic and sensor-based devices. Moreover, it highlighted that the mean disability of the group, as measured by the Barthel Index, could influence the proper physiotherapist/patient ratio. Future studies should be addressed to analyze the impact of this new model on the rehabilitation outcomes. 
